Introduction
A pathological increase in proteinuria frequently occurs in cirrhosis as a result of increased glomerular permeability [ 1-51 due to glomerulosclerosis with mesangial and subendothelial deposits of immunoglobulin and complement
Neither the degree and type of proteinuria (indices of impairment of glomerular permeability [12] nor its relation to the severity of the impairment of renal function, which occurs early in cirrhosis [13-151, are well defined. Furthermore, the role of liver disease in the pathogenesis of increased glomerular permeability, although suspected [ 11, 161, is still unknown.
The aim of the study was to investigate the frequency, severity and the type of proteinuria and its relationship to renal and hepatic function in patients with cirrhosis.
[6-111.
Patients and methods
Thirty-seven patients (aged 22-65 years) with cirrhosis were studied: 22 had alcoholic cirrhosis, two posthepatitic cirrhosis, and 13 cryptogenic cirrhosis. The diagnosis was based on the history and the clinical and laboratory findings and, in 30 patients, was confirmed by liver biopsy. The patients were graded for severity of their liver damage: 11 patients were in group A (minor damage), 18 in group B (moderate damage) and eight in group C (severe damage), according to Child's criteria modified by Hobbs [171.
In only 11 cases were serum creatinine (range 0 . 0 3 5 4 4 1 5 mmol/l) and blood urea nitrogen (range 2-1 3 -6 mmol/l) above normal. No patient had had gastrointestinal haemorrhage in the previous month. Patients with a history of renal disease thought to be unrelated to their cirrhosis, diabetes or heart failure at the time of the study, were excluded; no patient was taking drugs which might have interfered with renal function (in particular diuretics, corticosteroids or prostaglandin synthase inhibitors). Informed consent after full explanation of the purpose, nature and risks of the procedures was obtained from all patients.
Glomerular All the values were also expressed as a function of glomerular filtration rate, which was used as an index of the number of functioning nephrons: total fractional protein excretion (urinary total protein excretion/inulin clearance), fractional clearances (protein ckarance/inulin clearance) of a,-acid glycoprotein, albumin, transferrin, a,-macroglobulin and &microglobulin. Twenty-five normal subjects (aged 22-56 years) constituted the control group; none had a history of urogenital disease or any other apparent disease, and their blood pressure was normal. Serum creatinine, complement, urinalysis and urinary culture results were normal. Values lying below the 90th percentile were considered unusual.
The results were expressed as median and interquartile ranges, by interpolation when necessary [271. In order to compare groups we used Wilcoxon's two-sample rank test; the correlations were calculated by using Spearman's rank correlation coefficient; the statistical significance of the difference in frequencies was tested by Fisher's exact test. In all statistical tests probability values of < 0.05 were accepted as significant.
Results
Inulin clearance, median 69 ml/min (interquartile ranges 51-94 ml/min), was lower than 70 ml/min in 19 patients; PAH clearance, median 309 ml/min (interquartile ranges 204-463 ml/ min), was lower than 300 ml/min in 20 patients.
The results of total urinary protein excretion, the clearances of the individual proteins and their fractional expressions are reported in Table 1 and in Fig. 1 . Patients whose total urinary protein excretion and individual protein clearances were high, also had high values when these variables . .
-001 . The severity of liver impairment increases from class A to C; n = number of patients. The values are expressed as medians with interquartile ranges in parentheses. t Since cz-macroglobulin excretion was found in only three patients, we report all values.
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rate (Table 2) ; the correlation for %-macroglobulin clearance (greater than 0 in three patients) was not investigated. The frequency of high values of protein excretion was not different between groups of the patients whose P,-microglobulin fractional clearance was high or normal (Fisher's exact test).
No differences in protein excretion were found amoung the groups of patients with differing degrees of liver impairment defined by Child's criteria (Table 3) .
Discussion
In our study total fractional proteinuria was increased in 51% of the cirrhotic patients; this frequency agrees with data published by others [l-3, 51. The increase in protein excretion was due especially to that of low-molecular-weight proteins (e.g. a,-acid glycoprotein and albumin); only in a few cases was the excretion of the higher-molecular-weight proteins raised.
With regard to the type of proteins excreted, the reports in the literature are few and inconclusive. Grassi et al. [281 described an unselec- tive glomerular protein leak in the four patients with cirrhosis studied. In our series, in only three of 37 patients were we able to detect any excretion of q-macroglobulin; we therefore conclude that Grassi et al. [281 studied only cirrhotic patients whose protein excretion was very high; alternatively these subjects may have had some other form of renal disease.
The increase in proteinuria was not due to the impairment of renal tubular reabsorption of proteins that may be found in cirrhosis 1261; indeed, in our patients, the frequency of high values of protein excretion was not different in two groups of patients whose P,-microglobulin fractional clearance was high or normal.
Theoretically impaired renal perfusion, which is common in cirrhotic patients [ 13, 151, and was also found in our series, might cause a rise in protein excretion. When renal perfusion is reduced, the clearance of proteins, expressed as a function of glomerular filtration rate, can be erroneously higher, because inulin clearance is decreased more than protein clearance 1291. However, this may have caused the increase in the clearances of the proteins measured, when expressed as a function of glomerular filtration rate, only partially; indeed, in our patients, whose renal perfusion was reduced, the absolute values of protein excretion were also raised.
We found an inverse relationship between the clearances of inulin and PAH and fractional protein excretion. This is not due to their expression as a function of inulin clearance, since the latter is present in both; we also found it when the values were not related to glomerular filtration rate. This suggests that in cirrhosis progressive impairment of renal function is associated with an increase in glomerular permeability : therefore the renal functional abnormality, due to impairment of renal perfusion [13-151, may also be accompanied by abnormal glomerular permeability which may be a consequence of the morphological glomerular alterations found in cirrhosis 1301.
No differences were found between the protein excretion of patients with liver disease of different degrees of severity. This suggests that the increase in glomerular permeability is due not to impairment of overall liver function, but perhaps to an alteration in some aspect of hepatic function that Child's classification does not estimate (e.g. a decrease in reticuloendothelial function [3 11 and/or in the number of functioning hepatocytes [321), which allows the spillover of antigens from the gut or a release of antigens from the damaged liver [5, 161. These antigens could allow the formation of immune complexes which might be deposited in the glomerular capillaries [ 5 , 16,301.
In conclusion, an increased excretion of urinary proteins, especially those of relatively low molecular weight, is frequently found in patients with cirrhosis. This indicates the presence of abnormal glomerular permeability, which is particularly high in cirrhotic patients whose renal function is impaired and which does not seem related to the degree of liver damage evaluated by usual criteria.
